straightforward to acquire. Importantly, recent work has shown that under the right conditions neural signals can show a high degree of reliability when faced with complex stimuli during free viewing [10, 15] , with naturalistic paradigms recently inviting a range of new neuroscientific questions [16] [17] [18] . The new study [3] is in that category, and the results may be an important step for understanding how the brain processes complex sensory information in the context of natural actions, all the while maintaining the continuous sense of a stable and meaningful world.
. At least three lines of evidence underscore the critical functions of autophagy: autophagy as a process and multiple components of the autophagic machinery are conserved across the entire eukaryotic kingdom [4] [5] [6] ; the whole-body knockout of any gene that is strictly required for efficient autophagic responses is associated with embryonic or perinatal mortality in mammals [7, 8] ; and multiple tissue-specific defects in autophagic competence, either natural or experimentally imposed, etiologically contribute to the development of a variety of clinically relevant disorders [9] [10] [11] .
Of note, while some autophagic responses are relatively non-selective, autophagosomes can specifically engulf cytoplasmic entities, including entire organelles, thanks to dedicated receptors [12] . The best characterized instance of selective autophagy concerns mitochondria and is commonly known as mitophagy [4] . Mitophagy not only mediates major cytoprotective functions in cells experiencing mitochondrial dysfunction, but also contributes to the physiological removal of paternal mitochondria from fertilized eggs during early embryogenesis [13, 14] . Until recently, the recognition of damaged mitochondria by the autophagosomal protein microtubuleassociated protein 1 light chain 3 beta (MAP1LC3B; best known as LC3) was believed to rely on receptors operating at the outer mitochondrial membrane [3] . Now, in a recent paper published in Cell, Beth Levine and collaborators demonstrate that prohibitin 2 (PHB2), an integral protein of the inner mitochondrial membrane involved in mitochondrial homeostasis [15] , is critically required for mitophagic responses in evolutionarily distant models, such as human cancer cells and Caenorhabditis elegans [16] .
In their study, Levine and colleagues used human cervical carcinoma HeLa cells stably co-expressing a tagged version of LC3 and parkin RBR E3 ubiquitin protein ligase (PARK2, a component of the mitophagic machinery). Upon exposure of these cells to a mitochondrial uncoupler (but not under control conditions), the mature, lipidated form of LC3 (but not its immature counterpart) coimmunoprecipitated with two distinct proteins, which were identified as PHB2 and the related protein PHB1. Similar results were obtained when PARK2-expressing (but not wild-type) HeLa cells were co-treated with two inhibitors of the mitochondrial respiratory chain, namely antimycin A and oligomycin [16] . Moreover, purified GST-tagged variants of both PHB1 and PHB2 pulled down endogenous mature LC3 from lysates of these cells. However, only StrepII-SUMO-tagged PHB2, not StrepII-SUMOtagged PHB1, bound to purified GSTtagged partially mature LC3 in vitro, and GST-tagged PHB1 lost the capacity to pull down endogenous mature LC3 from lysates of PHB2-depleted PARK2-expressing HeLa cells subjected to respiratory chain inhibition [16] . These data demonstrate that PHB2 physically interacts with mature LC3 in HeLa cells that mount proficient mitophagic responses to mitochondrial dysfunction. Interestingly, PHB2 did not interact with other LC3-like molecules, such as GABA type A receptor-associated protein (GABARAP) and GABARAP-like 2 (GABARAPL2) [16] .
Next, Levine and collaborators investigated the mechanism underlying the involvement of PHB2 in PARK2-dependent mitophagy triggered by respiratory chain inhibition. Similar to a small-interfering RNA (siRNA) specific for the core autophagy protein autophagy related 7 (ATG7), various siRNAs targeting PHB2 inhibited the autophagic clearance of mitochondria in PARK2-expressing HeLa cells responding to antimycin A and oligomycin, as assessed by quantitative immunofluorescence microscopy and immunoblotting for mitochondrial proteins (including PHB1 and PHB2). Similar results were obtained with Phb2 fl/fl mouse embryonic fibroblasts engineered to express PARK2 and transduced with a Cre-coding lentivirus [16] . To assess mitochondrial integrity in these experimental conditions, the authors purified mitochondrial fractions from PARK2-expressing HeLa cells maintained under control conditions or treated with respiratory chain inhibitors and tested their sensitivity to tryptic digestion. Under control conditions (or in the absence of PARK2), only proteins from the outer mitochondrial membrane, such as translocase of outer mitochondrial membrane 20 (TOMM20), were efficiently degraded by trypsin ex cellula. Conversely, PHB2 and PHB1 were also sensitive to tryptic digestion when mitochondrial fractions were obtained from PARK2-expressing HeLa cells exposed to antimycin A and oligomycin. This sensitivity to tryptic digestion as well as the ability of PHB2 to interact with endogenous mature LC3 in these conditions were both abrogated by proteasomal inhibitors. Moreover, proteasomal inhibition (but not depletion of PHB2) blocked the ability of respiratory chain inhibitors to cause mitochondrial rupture in PARK2-expressing HeLa cells, as assessed in purified mitochondria and in cellula by transmission electron microscopy [16] . Besides confirming previous data on the implication of the proteasome in mitophagy [17, 18] , these findings demonstrate that PHB2 becomes accessible to the autophagic machinery upon rupture of the outer mitochondrial membrane.
A GFP-tagged version of LC3 (GFP-LC3) failed to localize in the proximity of (intact) mitochondria in PARK2-expressing HeLa cells maintained under control conditions. Conversely, mitochondrial integrity was lost and GFP-LC3 was found in close proximity to PHB2 upon exposure of PARK2-expressing HeLa cells to respiratory chain inhibitors. Following proteasome inhibition, mitochondrial structure was preserved and GFP-LC3 localized in the vicinity of mitochondria, but not in close contact with TOMM20 or PHB2. Along similar lines, the depletion of PHB2 by a specific siRNA reduced the recruitment of GFP-LC3 to the vicinity of inner mitochondrial membrane proteins, such as translocase of inner mitochondrial membrane 50 (TIMM50), but not to the mitochondrial area. Immunogold electron microscopy of PARK2-expressing HeLa cells exposed to antimycin A and oligomycin largely confirmed these findings. In this setting, GFP-LC3 was absent from mitochondrial regions with intact membranes, but it localized in close proximity to the outer mitochondrial membrane (in the context of a forming autophagosome) or the inner mitochondrial membrane (in the absence of membranous structures) at sites of membrane damage. In PHB2-depleted cells, GFP-LC3 localized near mitochondria, but not in the vicinity of the inner mitochondrial membrane [16] . These observations shed new light on the ultrastructural aspects of PARK2-and PHB2-dependent mitophagy in HeLa cells.
Levine and collaborators next focused on the characterization of the PHB2 domain that is responsible for LC3 binding and consequent disposal of damaged mitochondria by autophagy. Imposing short deletions or point substitutions onto three candidate domains of PHB2 coupled with pull-down experiments ex cellula led to the identification of PHB2 residues 121-124 (YQRL) as a bona fide LC3-interacting domain (LIR). Accordingly, two mutations affecting the LIR (i.e., Y121A and L124A) abolished the ability of GST-tagged PHB2 to pull down mature LC3 from lysates of PHB1/PHB2-depleted, PARK2-expressing HeLa cells treated with respiratory chain inhibitors. Moreover, reconstituting Phb2-deficient PARK2-expressing mouse embryo fibroblasts with mutant PHB2 failed to restore mitophagic responses to antimycin A and oligomycin. Conversely, both wild-type and mutant PHB2 fully rescued other mitochondrial and cellular phenotypes associated with PHB2 loss [16] . These findings indicate that the mitophagic activity of PHB2 (but not other PHB2 functions) strictly relies on the interaction with LC3 via the LIR.
Finally, the authors investigated the role of PHB2 in the removal of paternal mitochondria from C. elegans embryos. Knocking down phb-2 (the worm ortholog of human PHB2) from males by RNA interference indeed impaired the disposal of paternal mitochondria from F1 embryos, as assessed by fluorescence microscopy upon sperm staining with a mitochondrial probe. Similar results were obtained when females were subjected to RNA interference specific for atg-7 (the worm ortholog of human ATG7). Moreover, the genetic inhibition of phb-2 in males or atg-7 in females allowed for paternal mitochondrial DNA to persist in F1 embryos through the first larval stage [16] . Thus, PHB2 is required for mitophagic responses in both pathological and physiological settings.
Taken together, the findings by Levine and collaborators demonstrate that PHB2 constitutes an evolutionarily conserved receptor for mitophagy that operates at the inner mitochondrial membrane, challenging (or adding to) current models proposing that the recognition of damaged or superfluous mitochondria mainly occurs at the outer mitochondrial membrane (Figure 1 ). It will be interesting to investigate if and how PHB2 interacts with other components of the mitophagic machinery, including not only PARK2 and its interactors, but also members of the Fanconi anemia protein family [19] . Moreover, it will be important to determine whether germline or somatic mutations in PHB2 are associated with an increased risk for neurodegeneration in humans (similar to mutations in PARK2 and genes encoding PARK2 interactors). We surmise that PHB2 and other prohibitins will be the center of renewed interest over the forthcoming years. Upon rupture of the outer mitochondrial membrane (OMM) through a proteasome-dependent mechanism, the LC3-interacting domain (LIR) of prohibitin 2 (PHB2) -an integral protein of the inner mitochondrial membrane (IMM) -becomes available for interaction with mature LC3 (LC3-II). The binding of PHB2 to LC3-II recruits autophagosomes forming at sites of outer mitochondrial membrane damage to the inner mitochondrial membrane and underlies the optimal destruction of dysfunctional or supernumerary mitochondria by autophagy.
